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SYNOPSIS 


Mission 102: (System J-21) was-a 2-part photographic mission 
programmed to acnieve coverage for cartographic purposes. The 
mission was intentionally flown with the camera system rotated 
horizontally 180 degrees from its normal position, orbiting nose-first 
instead of taii-first. As a result of this change in orientation 
certain variations in normal system parameters should be noted. At 
the descending mode, the steilar camera looks westward. The master 
camera is the aft-looking and the slave camera is the forward-looking 
camera. . 


A normal orbit was achieved. Photographic coverage was 
accomplished between 18 and 28 May 1965. Clouds covered approximately 
30 percent of tne entire mission. The panoramic cameras functioned 
properly on the first part. The Stellar/Index cameras of Mission 
1021-1 performed normally through frame 359. From frame 360 through 
380, there were several multi-exposure frames that were not usable. 
On the second rart of the mission the forward-looking camera and 
associated photograpnic equipment functioned properly throughout. 
However, an anomaly occurred in the aft-looking camera causing a 
termination of the photographic record on pass 102D frame 8. As a 
result, only a total of l2 million square nautical miles of plottable 
photographic coverage was acquired. 


The recovery capsules from missions 1021-1 and 1021-2 were 
retrieved by air catch during revolutions 81 and 161 respectively. 


There is no significant differences in the image quality of the 


panoramic materiai between missions 1021-1 and 1021-2 except for the 
anomaly mentioned above. Both payloads were assigned an MIP rating 
of 85. 
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GENERAL FLIGHT DATA 


1. Launch and Recovery Dates 


Launch Date, Mission 1021-1 18 May 1965 
Recovery Date, Mission 1021-1 23 May 1965 
Activation Date, Mission 1021-2 23 May 1965 
Recovery Date, Mission 1021-2 28 May 1965 
2. Orbital Parameters (Actual) ‘ 
Mission 1021-1 Mission 1021-2 
Rev 40 Rev 120 
Period | 89.81 Min 89.74 Min 
Perigee 109.71 NM 110.52 NM 
Apogee 180.06 NM 179.67 NM 
Eccentricity 0.00988 0.00965 
Inclination Angle 75 .02°N 75 ,.02° 
Perigee Latitude 2h .288°N 37.707 N 


3. Photographic Operations 


A. Pass Information 


Mission 1021-1 Mission 1021-2 
Operational Passes Lu 38 
Operational/Domestic Passes i 
Domestic Passes 2 p 
Domestic/Engineering Passes 2 5 
Total Photo Passes 4g 48 
Recovery Revolution 81 161 
B. Film Footage/Frame Totals 

Master Slave 
Footage Available 16,000 (Approx) 16,000 (Approx) 
Freflignt Footage L2eé 298 
Froecess Footage (1021-1) 7,994 7,696 
Frocess Footage (1021-2) 2,25C 8,361 
Titiec Frames (1021-2) 2,843 2,772 
Titied Frames (1021-2) 542 3,177 
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PART 1. CAMERA OPERATION 


1. Master (Aft-Looking) Panoramic Camera No 166 


The master panoramic camera functioned properly on the first part 
of the mission end through a portion of pass 85D of the second part. 
Good quality photography was obtained up to this point. However, the 
film came out of the guide rails on pass 85D, frame 11, and severely 
degraded the imagery through pass 102D, frame 10. At this time, the 
film jammed and caused a premature termination of the master camera 
record. The malfunction was caused by a cut that existed in the 
film when it was transported into the platen area prior to exposure. 
Because of the cut the fiim slipped from the rails as it was being 
transported. The film contractor conceded that a cut is made during 
film manufacturing to signal the end of a useable roll of film. The 
conclusion is that the cut was made in the customary manner by the 
film manufacturer and a splice was erroneously made on the wrong side 
of the cut. For a more detailed analysis of the anomaly see Part II, 
Section 3. Degradations attributed to camera operation include: 


a. A group of longitudinal scratches just inside the 
format are present beneath the binary and at the take-up ends 
of the frames on the emulsion side of the film throughout the 
mission. 


bo. Continuous scratches, parallel to the edges of the 
negative, are present throughout the mission. These scratches. 
are attributed to the rails which support the film during transport. 


ce. Banding is present on the take-up ends of most frames 
throughout the mission. Its noted severity is commensurate with 
contrast and density. 


ad. Fog that appears to have been caused by light reflected 
from a curved surface is present near the take-up end of the 
next-to-last frame of most camera operations and extends rartially 
into the supply end of the third frame from the end. Equipment 
shadowgrapiis are present on the last frame of most camera 
operations. A transverse tand of fog is located on the first frame 
of most camera operations. The degree of fog density is associated 
with the duration of the camera-off period and the sun angle 
during this time. 
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2. Slave (Fwd-Looking) Panoramic Camera No 167 


The slave panoramic camera functioned properly throughout both 
parts of this mission. The majority of the detriments to the 
photographic record associated with the operation of this camera are 
similar to those present on previous missions of this type. These 
degradations include: 


a. A scratch is present just inside the format of both 
edges of the take-up end of each frame and on both edges of 
the format beneath the camera number. A group of short, fine 
emulsion scratches are located across the format beneath the 
camera number. 


b. Continuous scratches, parallel to the edges of the 
negative, are present throughout the mission. These scratches 
are attributed to the rails which support the film during 
film transport. 


ec. Minus density streaks following the general path of the 
field flattener appear intermittently through pass 18D. 


d. Fogged areas of plus density and equipment shadowgraphs 
caused by extraneous light are present on the last 4 frames of 
most camera operations. Their pattern is repetitive and the 
degree of density is commensurate with the duration of the 
camera-off period and the sun angle during this time. 


3. Master (Aft-Looking) Horizon Cameras 


a. The port (take-up) horizon camera functioned properly 
throughout the mission. However, due to the film jam (covered in 
Item 1 of Part I) there was a termination of the photographic record 
on pass 102D frame 10. Exposure was commensurate with the solar 
elevation. Vignetting occurred in the corners of the imagery but did 
not interfere with the determination of vehicle attitude. 


b. The starboard (supply) horizon camera functioned properly 
throughout the mission. However, due to the anomaly which caused the . 
film to came out of the rails, the imagery is smeared and out of focus 
from pass 85D, frame 12, through pass 102D, frame 10. At this point the 
fiim jammed and caused a termination of photographic record. The 
exposure was commensurate with the solar elevation. Vignetting is 
more pronounced than in the port horizon camera, but did not interfere 
with the determination of vehicle attitude. 
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4. Slave (Fwd-Looki Horizon Cameras 


a. The port (supply) horizon camera functioned properly 
throughout the mission. The film has a veiled appearance which is 
attributed to atmospheric attentuation, but under magnification 
the imagery appears to be sharp. Vignetting is extensive in the 
corners of the format, but does not interfere with camera attitude 
determination. Exposure is commensurate with solar elevation. 


b. The starboard (take-up) horizon camera functioned properly 
throughout the mission. Obstructions, possibly film scrapings, 
appear in the format edges but do not interfere with the determination 
of vehicle attitude. The obstructions are present throughout the 
mission. Exposure is commensurate with solar elevation. 


5. Stellar Camera No D63 (1021-1) 


The stellar camera performed extremely well through frame 359. 
There are 9 multiple exposed frames from 360 to 380 that were not 
usable. Of the 380 total frames, 369 were used for attitude 
determination. The photography provided stellar images with good 
geometric distribution. Approximately 25 stars are visible in the 
field of view. The change in the stellar field from pass to pass 
was minimal. 


Earth flare was normal with stellar images visible in the fogged 
areas. A continuous plus density streak is located along the 
correlation mark edge throughout the first 75 percent of the mission. 
Emulsion cracking parallel to the minor axis is present on the last 
5C rercent of the film. Narrow bands of fog parallel to the mirror 
axis occur near the take-up end of several frames. The configuration 
of the fog is similar to that caused by corona static. The fog is 
more severe on the last 19 frames in association with the multiple 
exposures. 


6. Stellar Camera No D25 (1021-2) 


Although the film jammed in the master (aft- looking) camera, 
it continued to operate throughout the mission. Also, the stellar 
camera was operational throughout. However, due to the malfunction 
tre tinary record was not recorded on the panoramic material and 
the time could not be directly related for the 2 cameras. Therefore, 
the stellar material was not used for attitude determination in 
Missio: iC2i-2, The piten and roll for the slave (fwd-looking) 
pi.otosrarny was determined from the horizon camera record. 
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. . Fog caused by dendritic static occurred on the film during the 
last’ 50 percent of the mission. The static is discharged inside the 
format on a few frames. Biased plus density streaks, located through 
the middle of the format, are present during the last 25 percent of 
the photography. They are about 0.5 inches long and when they occur 
are spaced about 0.25 inches apart. Minor emulsion cracking is noted 
on the last 50 percent of the film. Severe abrasions and fog on the 
last 4 feet of the film are associated with film exhaustion. 


7. Index Camera No D63 (1021-1 


The index camera operated normally through frame 359. Thereafter, 
multiple exposures occurred on frames 360, 361, 362, 364, 371, 374, 
378, 379, and 380. A continuous plus density streak, beginning in 
the preflight and in line with the camera number, is present through 
the first 75 percent of the mission. Toward the end of the mission 
the plus density streak becomes intermittent and faint. Emulsion 
cracks emanating from the plus density streak appear to be caused by 
an emulsion rub. Minor static traces occur along both edges of the 
film. Newton rings are visible on a number of frames. Small particles 
of foreign matter, possibly specks of emulsion, are present 
intermittently throughout the mission. Several particles of dirt on 
the reseau grid caused minus density spots on most frames. 


8. Index Camera No D25 (Mission 1021-2) 


The index camera was operational throughout the mission. The 
imagery is good in the middle of the frames, but the fall-off toward 
the edges is greater than normal. Newton rings are present on most 
frames throughout the mission. Abrasions and fog occurring on the 
last 4 feet of the film are caused by film run-out. The correlation 
lamp on this camera is slightly offset, allowing cresent-shaped ground 
images to appear on the film when the lamp is not lit. The film 
was titled over the correlation fiducial. 


y. Associated Equipment 


This equipment records technical information for the correlation 
and mensuration of the primary cameras. 
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Several horizon camera fiducials are slightly bloomed. Flare 
emanating from and adjacent to the camera number and the end of pass 
marker is present throughout the mission. The 200 cycles per second 
timing pips were recorded outside the format. However, the density 
is less than optimum and relative to the processing level used. 

The binary time for missions 1021-1 and 1021-2 was read 
automatically from rositives. Difficulties were experienced for the 
following reasons: 

1021-1 Fwa 


1. The No 17 binary light had the top one-third cut off, making it 
very difficult to read. 


2. The alignment of the binary biock was very irreguiar on many passes. 
3. A light streak appeared on the third frame from the end of each rass, 
4, The binary was missing on pass 25D, frame 50. 
5. All lights were smaller than most seuvieid missions. 

l02i-1 Aft 
1. The No 19 light was faint on passes 2, 9, 30, 56, 57, 66, 72, and 73. 


2. The No 23 light was faint on passes 2, 6, 11, 41, 45, 56, 72, 73, 
75, and 79. 


3. The No 24 light was faint on passes 2, 11, 73, and 75. 


5 


No 3 light was faint on passes 6 and 73. 


No 2. light was faint on passes 9, 66, and 72. 


Nh 
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No 5 light was faint on passes 55 and 57. 


8 


No 1C light was faint on pass 57. 


(I 


. The No 16 light was fairt on pass 75. 


Tne alignzuent was poor or most passes. tut pass 66 appeared to 
ce excefticnally poor. 
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The binary was missing on pass 37D, frame 39. 

A light streak appeared on the third frame from the end of each pass. 
1021-2 Fwd 

The No 18 light was faint on passes 86 and 88. 

The No 17 light was faint on passes 88, 89, and 90. 


The binary was missing on pass 117D, frame 7, and pass 152D, frame 
lle. 


On the last frame of the mission, frame 21, pass 158D, the binary 
lights were so smeared that they had to be translated manually. 


A light streak appeared on the third frame from the end of each pass. 
1021-2 Aft 
Due to the film coming out of the rails only 15 frames had a 


binary block. These were pass 81D, frames 1 thru 5, and pass 85D, 
frames 1 thru 10. 
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FIGURE 1. DESCRIPTION OF PHOTOGRAPHIC DATA 


The data pertaining to photographs contained in this publication 
are defined as follows: 


PASS: A pass is the operational portion of an orbital revolution. 
A suffix D indicates that the photography was acquired during 
the descending portion; a suffix A indicates that the photo- 
graphy was acquired during the ascending portion; and a suffix M 
indicates tmt the photography was acquired during a pass that 
includes both ascending and descending portions. An additional 
suffix E indicates that the pass was an engineering operation 
or that a portior cf the pass has been edited. 


DATE OF PHOTOGRAPHY: The data cf photography indicates the day, 
month, and year (GMT) that the photography was acquired. 


UNIVERSAL GRID COORDINATES: These coordinates are included to 
locate the illustreted photography within the panoramic format. 


ENLARGEMENT FACTOR: The enlargement factor is included to 
indicate the number cf diameters the original material has 
been enlarged in the photographic illustration. 


GEOGRAPHIC COORDINATES: These coordinates are included to 
indicate the latitude and longitude of the panoramic format. 


ALTITUDE: This measurement is the vertical distance from the 
vehicle to the Hough Ellipsoid at the time of the acquisition 
of the photosraphy. 


PITCH: Fotaticr. c* the camera about its transverse axis. Using 
aporopriaté sercna.tical terminclogy, positive readings 
indicate nose-up attitude and negative readings indicate 
nose-down attitude. 


FOLL: Fotation cf the camera about its longitudinal axis. Using 
appropriate aercneutical terminology, positive readings 
indicate the left wing-ur attitude and negative readings 
TNGLCELE Porno hee aslo uae. 

YAw: Fotation c2 the camera about its vertical axis. Positive 
readings indicate cceunter-cleckwise rotation when viewing 


the ground nadir iron the venicle mounted camera in-flight. 


LOTAL SUN TIME: This time ic included to present to the viewer a 
realistic time «ff asenuisiticr. cf the photography illustrated. 
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SOLAR ELEVATION: The solar elevation is the angular elevation of 
the sun above a plane tangent to the surface of the earth at 
the center of the panoramic format. A negative solar elevation 
indicates that the sun is below the plane. 


SOLAR AZIMUTH: The solar azimuth is the angular measurement of the 
rays of the sun measured from true north in a clockwise 
direction. 


EXPOSURE: The exposure is the duration of the photographic exposure 
expressed in a fraction of a second and is computed from the 
scan rate and slit width. 


VEHICLE AZIMUTH: The clockwise measurement from true north to the 
longitudinal axis of the vehicle heading. 
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PIGUSE 2. EXAMPLE OF FOREIGN MATTER INSIDE THE HORIZON FORMAT 


Note the lint-like cbstructions in the supply edge of the 
“ormat, ans the visnetting that occurred on the titled and the 
frequency~-marr edges of the horizon format. 


NPrICc K-8823 (12/68) 
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Caere> a. 6-6 a ee Go ee eas HOF 

PASS) Gn Hee. ae Re as A es et 

Pr RMES: <6; fy. ede Bees CS, Ge chee ee see te 

Date of Photography. ...... . 23 May 65 
Universal Grid Coordinates ... . Not Applicable 
Enlargement Factor «<<. « « « «© « .« 3X 

Geographic Coordinates .... . . 29~-O00N 027-02E 
Altitude-(feet) 6.4 6 & oe wa. 69 6065553 
Camera: 

Piel acs 28 Gd eB ep See RL 

ROLLS, Ws. 6 ba Shee es a we 

Va: eo fois der oe de ae etre SO Se SOIT 
Local Sun Time . - «6 « «6 «© «© © «© « OOLD 

Solar Elevation. . . 6 6 2 a ee « 5LOUS5' 

Solar Azimuth. . . . 2 «6 © © « « O49 

Exposure (fractions of second) . . 1/263 
Processing Level ........ . Intermediate 
Vehicle Azimuth, sq. s:c6 & “we ws T6551" 











4 —— — Approximate flight direction Approximate scan direction 
on photogtaph oa} on photograph 


v 


Adoroxi~ate iocation of photograph in format. Negative viewed with emulsion side down. 
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FIGURE 4. 





STATIC DISCHARGES INSIDE THE STELLAR FORMAT 


NPIC K-8625 (12/65) 
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Stellar Frame Numbers . 
Correlates with: 

Aft Cameras. « « « « « « 

Pass: os: ew we a we oe 
Frame. . + 1. ee we ae 
Date of Photography . 
Enlargement Factor... . 
Main Camera Attitude. 
Exposure Time... 


* 





- 68, 69, & 70 
. 166 

. 89D 

. * 

- 24 May 65 

© 2.9X 


Not Determined 


- 2 see 


*No Corresponding Master (aft-looking) Panoramic 


Material. 
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FIGURE 5. HM¥YAMPLE OF INDEX CAMERA PHOTOGRAPHY 


This photograph shows that the quality of 
this mission compares favorably to that obtained 
from past missions. 
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Index Frame Number. ....- . 125 

Correlates with: 

Aft, Camera . 2. 2. « ee « © © 16E 

PASS: 3.5 ec bale 8! ee. eo ee tp. LORD 

Frames: ar Spee. We we ee as Ga 

Date of Photography .... . 25 May 65 
Pnlergement Factor. « . « 6 « 2.5X 
Main Camera Attitude. ... . Not Determined 
Exposure. - . + « « 6 » « « « 1/500 sec 


#No Corresponding Master (aft) Panoramic Material. 
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FIGURES & AND 7. EXAMPLES OF PAN CAMERA PHOTOGRAPHY 


The fcllowing 2 photographs show a comparison 
between the forward and aft film. Note the subtle 
improvement of the aft material over the forward. 
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Figure 6 Figure 7 
CAMere a-<i o-2. Sk Se Sto es ae @ LOT 1646 
PHS: <6. ce) ae xe ae A vk Soe ae “ee ee fe, es SED T9D 
PANGS cos Bee ee 8 ei ot ee WO 14 aft 
Date of Photography. . . +. . « + 23 May 65 23 May 65 
Universal Grid Coordinates .. . 28.1 - 10.6 6245 2.10.5 
Enlargement Factor .. + «+ « « « 2OX 20x 
Geographic Coordinates ... . . 32-52N 109-58W =. 32 -4LN 117-o0W 
Altitude (feet). 6 ws ee & 246 670,022 669 ,478 
Camera: 
PICO a. ke Em Bee oO SS BI -14°h1! 
Bod Digs tev cot ig: era hee oe io ee COSTS -O°15' 
Yaw «6 6 6 «@ « @ oe ee oe ew ht eC Not Determined Not Determined 
Local Sun Time 2. 1 «2 «© » & 6 » GOS | 905 
Solar Elevation. . 2. 2. 6 « « 49°OL' 4997 
Solar Azimuth. . . 2 6 ee ee OHO ak 
Exposure (fractions of second) . 1/247 1/365 
Processing Level .. .« «6 « « « - Full Full 
Vehicle Azimuth. . 2. 6 2 6 6 « 164953 165°08' 
Proton Approxrnate flight arection Peel ame Approximate scan direction 
on Onctog a6" on photograph 
AaptCar ate °0. 41107 Of PMotegrapn tn format. Negative viewed with esiwision side down. 
oes —_—- ee a 
ocree @ AFT 
Ege we Ie oe ee ee ee 
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PART i. FILM. 





Th : 


i. Film Processing 


This section provides an evaluation of the processing of the 
. original negatives from missions 1021-1 and 1021-2. 


a. The stellar and index negative material was processed 
at the optimum level of development to record imagery for the 
correlation and mensuration of the primary cameras. 


b. Infrared densitometry was used to determine the opti- 
mum level of development needed for the various portions of 
the master and slave records. Sixty-four processing level 
changes were required on the master and 51 changes were 
required or. the slave of Mission 1021-1. Twelve processing 
level changes were required on the master and 75 changes were 
required on the slave of Mission 1021-2. The percentage of 
film processed at each level was: 


Mission 1021-1 Mission 1021-2 

4 Development Level Master Slave Master Slave 
- Primary 15% 14 53% 13% 
Intermediate 38% 39% 25% 414% 

: Full 47h 47% 22%, L64, 


2. Special Printin 


sf the master and 19 parts of the slave film 
miing on Mission 1c21-1. Two parts of the mas- 


~ ee woh 


Sour eer, Pex 
Pequlres sSrecia. = 
ter and = parts of the slave required special printing on Mission 
ic2l-2. Special rrinting is required when the range of the 
necative is such that 2 levels of printing for duplicate positives 
are required tc rrcvide greater intelligence value from the original 


herative. 
fe a aise gt: 2) eee 
€ MOSt severe de sadation was the anomaly which caused the 
2 come cut cf - rails on pass 85D, frame 11 of the master 


(See Par: I, Secticr 1). There is a manufacturing splice 
-mately ¢.. inches from the take-up end of frame 11, pass 85D. 


ae 
AP; PiIx.mately 2.. inches from the splice, the film is separated 
rom whe frequency-marx edre toward the center of the film. Part of 
"ie S:paraticn hat the characteristics of a cut rather than a tear. 
Se ae . 
—Hendie—tra~ 
—TatentKetnore: 
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At the cut/tear, the film was creased and folded. Through the inspec- 
tion of the original negative it was concluded that a cut existed in 
the film when it was transported into the platen area prior to 
exposure. Because of the cut, the film slipped from the rails. The 
tension exerted by the camera induced tearing of the film at that 
point. The camera continued to operate throughout the mission, but 
the film jammed on pass 102D, frame 7. This resulted in a premature 
termination of the master camera record. The film was severely 
degraded beginning on frame 11, pass 85D. That and all subsequent 
frames were out-of-focus and contained severe base scratches 0.25 
inches from and parallel to each film edge. Various longitudinal 
scratches, emulsion lifts, emulsion cracks, abrasions, and plus and 
minus density streaks occur intermittently throughout this portion of 
the film. Other degradations preceding this anomaly include: 


a. Pinholes and minus density comets appear intermittently 
throughout. 


b. The usual minor abrasions and scratches appear intermit- 
tently throughout. 


c. A Severe base scratch ranging 0.3 to 0.9 inches from the 
titled edge is present on pass 25D, frames 39-43 and throughout 
passes 26D, 27D, and 30D of the fwd camera. 


d. Numerous longitudinal scratches are located on the supply © 
end of pass 21D, frame 55 fwd. Severe irregular scratches are 
present on pass 32D, frame 2 fwd, and pass 69D, frame 4 fwd. 


e. Pass 6D, frame 11 aft was torn across the format, 
seriously degrading the imagery. This evidently occurred after 
the film left the processing site. j 


f. A plus density scratch located approximately 0.85 inches 
from the titled edge, varying in length from 0.4 inches to being 
almost continuous, is present on pass 81D, frame 1, through 
pass 154D, frame 67 of the fwd camera. 


g. Titling was less than optimum in that the title was 
blocked up on numerous occasions. Also the titling was frequently 
transferred to adjacent areas of the film during wind-up. 

Examples appear on passes 26D, frames 5 through 25 aft, 42D, 
frames 1 throuch 68 fwd, and 92D, frames 1 through 57 fwd. 
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FIGUPE 8. PRINT OF CUT AND SPLICE WHICH CAUSED FILM TO COME OUT OF 
THE FAILS 


Note the well-defined line where the film was folded and cut. 
This caused the film to slip from the rails and induced tearing. 
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. Contact 
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-0°06' 


. Not Determined 
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. 36°36" 

106° 

. 1/334 

. Full 

«oOo. 
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pea aaa Approximate scan direction 


ApproarTite locutron of Pactograon in format. Negative viewed witn emulsion side down. 
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FIGURES 9 AND 10. COMPARISON OF FWD AND AFT PHOTOGRAPHY AFTER THE 
CUT AND SPLICE 


Due to the cut and splice the film came out of the rails, causing 
the aft material to be out of focus and severely degraded. 
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Figure 9 


. 167 

. 86D 

. 72 fwd 

. 24 May 65 

STs = L3c2 

. 10x 

. 21-13N ogh-hur 
. 665,202 


» 15°14! 


-0°15' 


- Not Determined 
° 907 


51°14" 
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Figure 10 


166 

86D 

@l aft 

24 May 65 

33.5 - 9.6 
10x 

21-13N OO4-4L4EF 
665 ,202 


15°1k' 

=0715% 
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FIGUFES 11 AND le. EXAMPLE OF DEGRADED PHOTOGRAPHY DUE TO THE CUT 


ALD SPLICE 


These photographs illustrate the abrasions parallel to the film 


edge and the out of fozus condition. 
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Universal Grid Coordinates ... . Not Applicable 
Enlargement Factor ....... . Contact 
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Camera: 
PECGH: co sn) eae eo i ws me NOE Applicable 
ROL om cs we 8: Ge ee we we es NOG Applicable 
Yaw .. oe « © © © « © «2 « Not Applicable 


Local Sun “Time 2 6 « © «© © « 6 © » NOt Applicable 
Solar Elevation. .... ... . . Not Applicable 
Solar Azimuth. .. . - . Not Applicable 
Exposure (fractions of seecnd) . . Not Applicable 
Processing Level ........ . Intermediate 

Vehicle Azimuth. ....... . . Not Applicable 


| 
oa Approximate fiignt direction Approximate scan direction 
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Approximate locat ‘on of _Dnotogsapn in format. eee viewed with emulsion side aon: 
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f PART ill. IMAGE QUALITY 
q 1. Photographic Interpretation (PI Suitability) 


PI suitability is an assessment of the information content of 
photographic reconnaissance material and its interpretability. A. 
number of interrelated factors are involved, such as the quality 
of the photography, the extent of target coverage, scale, and 
weather limitations. However, the fundamental criteria for 
4 assigning a PI suitability rating may be reduced to (a) the scope 

of the photographic coverage and (b) the degree to which a 
photographic interpreter may extract useful and reliable information 
from the material. 


ul 


PI suitability ratings are categorized as Excellent, Good, 
Fair, Poor, and Unusable. These ratings refer to the overall 
interpretive value of the photography obtained from a particular 
reccennaissance missicn. Individual targets may also be assigned 
PI suitability ratings. The standards that determine assignment 

f the varicus ratings are: 


Excellent: The pnotography is free of degradations by 
camera malfunctions or processing faults and the weather conditions 

4 are favorable throughout. The imagery contains sharp, well- 
defined edges and corners with no unusual distortions. Contrast 

. is optimum and shadow details, as well as details in the highlight 

q : areas, are readily detectable. Observation of small objects and a 
high order of mensuration are made possible by the consistently 
superior quality of the photography. 


Good: The photcsrapthy is relatively free of degradation or 
took ois | ing atmospheric conditions. Edges and corners are well- 
defined. No unusual distortions are present. Detection and 
accurate mensuration of small objects are feasible, but to ea 
lesser degree than in material rated as Excellent. 


rair: Degradation is present and the acuity of the photography 
ics less than optimum. Edges and corners are not crisply defined 
ard there is loss cf detail in shadow or highlight areas. 
Dtecticn and ident:fication cf small objects are possible but 
accuraey cf mensuration is limited by the fall-off in image quality 
ari the less-than-cptimum contrast prevails. 
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Poor: Camera-induced degradations or weather limitations 
severely reduce the effectiveness of the photography. Edges and 
corners are not well defined. Only gross terrain features and 
culture may be detected or identified and distortion of form may 
exist. Accurate mensuration of even large objects is doubtful. 


Unusable: Degradation of photography completely precludes 
detection, identification, and mensuration of cultural details. 
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2. PI Suitability for Missions 1021-1 and 1021-2 


The PI suitability is good for the operational portions of 
missions 1021-1 and 1021-2. However, since it is primarily a mapping 
and charting mission, coverage of intelligence targets is limited. 

A total of 48 targets were reported on during the preliminary readout. 
Sixteen of the 48 targets were given a poor-quality rating. The 
poor-quality ratings resulted when a target feli within the bonus 

area of a frame or when there were poor weather conditions over a 
target area. 


It should be noted that this report represents only the initial 
scan of the photography. This is accomplished in a short time and 
a more detailed study of the photography may develop additional 
information. 


3. Mission Informatior Potential (MIP) 


The MIP is an arbitrary number, not limited by terminal values, 
which is subjectively assigned to the panoramic photography of a 
mission and which compares it to other missions. It is meant to be a 
measure of the camera's maximum capability for recording information, 
discounting adverse atmospheric conditions, minimum solar elevations, 
camera malfunctions, or other factors which reduce the quality of 
the photography. 


The MIP is based on the best photography found in a mission, 
even though the rhotography may be limited to a few frames. Since 
tnese frames are considered to be the best in the mission, they do not 
indicate the overall success, average quality, or general interpreta- 
bility of the photography. 

Criteria for selection of the MIP frame: 


a. Eliminate all portions of the mission affected by system 
malfunctions. 


b. Select frames which are free of clouds or atmospheric 
attenuatior.. 


c. Eliminate the first 10 frames and last frame of a pass 
tecause tney may be affected by incorrect scan speed. 
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d. Select frames that are in a continuous strip of 
approximately 10 cloud-free frames, since cloud shadows from 
weather fronts are cast for great distances. 


e. Determine from the horizon cameras that the panoramic 
photography is not affected by apparent vehicle perturbations. 


f. Select targets that are near the center of the format 
and on frames as close as possible to perigee for scale purposes 
and to eliminate obliquity. 


g. Select frames having near optimum solar elevation. 


h. Select a high contrast target (preferably an airfield) 
and compare the target to a previous mission which has been given 
an MIP rating. 


4, MIP Rating for Mission 1021 


Frame 12 aft, pass 30D, has been selected as the MIP frame for 
Mission 102]-1. It has been assigned an MIP rating of 85. The detail 
discernible in this photography is such that engine nacelles on most 
aircraft are detectable under moderate magnification. The {nformation 
potential of the area acquired by the fwd camera (frame 6 fwd) is 
almost identical to this MIP frame. 


Frame 14 fwd, pass 143D, has been selected as the MIP frame for 
Mission 1021-2. It has been assigned an MIP rating of 85. The 
quality of this MIP compares favorably to that of Mission 1021-1. The 
area was not photographed by the aft camera. 
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FIGURES 13 and 1+. COMPARISON OF FWD PHOTOGRAPHY WITH 


THE MIP FRAME OF THE AFT MATERIAL 


Note vie subtie improvement in the fine detail of 


vue aft material over tne fwd. 
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. Figure 13 Figure 14 

Camera «* ee 8.8 + 6 6 © 167 166 
Pass? oa tS Se ee Se a SOD 30D 
Frame ae : a 6 fwd 12 aft 
Date of Pestaeueris . 20 May 65 20 May 65 
Universal Grid Cccrdinates: 50.6 - 11.8 4O.7 = 12.7 
Enlargement Factcr ° vs: (Ox 20x 
Geographic Coordinates: * * 33-088 064-27W 33-085 06L-22W 
Altitude (feet) a Be ots PIL STO 771,670 
Camera: Pitch « * 15903! =~14959' 

Roll - ae OCT 0°11' 

Yaw és ea -0°59 
Local Sun Time ° 1104 1104 
Solar aaa 34055 ' 34055" 
Solar Azimutn - ° s sos «© 170 17° 
Exposure fees ons of second) ° 1/208 1/304 
Processing Le: rele ° * “Pell: Full 
Veiicie Azimut 165°C5 ' L6LOL5' 

Sin / 
ipl a Approximate flight cirectran rg Approximate scan direction 


on photograon on photograph 


Approximate iocation of photograon in format. Negative viewed with emulsion side down. 
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FIGURE 15. MIP SELECTION 1¢21-2 


Convergent stereo coverage of this area is not 
availacie. 
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5. Analysis of Fixed, High-Contrast Resolution Targets 


Missions 1021-1 and 1022-2 


Camera 157 
Pass 73D 
Frame lefwd 
Deve of Photograph; 22 May 65 
Universal Grid 27.7 
Cocrdinates ate 
Geograrnic 32-352 
€cordinates “iC - i 3W 
Altitude (ft) 562,-37 
Camera 
Fite 15°1C' 
Roil ~C°12" 
Yaw wwe 
Local Sun Time 0904 
Solar Elevation 49°31’ 
Solar Azimuth 95° 
Exrosure (fractions 1/250 
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w , : ; arnt 
¥e..icle Azimuth 165°C 
Resolutior on 
vrizinel Negative: 
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FIGURE if. EXAMPLE OF TERRAIN COVERED IW MISSION iCal 


Tie méin purpese ot Mission 1022 was to acquire 
photosrav..i: ecverage for cartographic rather tian 
in elligence p rposes. The following ll rnotograpis 


- 


@re intlidec in ...is report tc illistrate tue extreme 
Sise iC lLUy Oo. Stile. ine ODtimim quellcy cr many varies 
targets in Gifferent locations on tne eart:. 

Fis .cre lu is an example of Jungie aree located 
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FIGURE 17. EXAMPLE OF TERRAIN COVERED IN MISSION 1021 


The following is a typical example of snow-covered 
mountainous terrain. The crispness of the imagery is 
due primarily to the high contrast between the snow, 
the terrain, and the terrain shadows. Good resolution 
is due primarily to a clear atmosphere. Depending on 
the type of target, the snow could either help or hinder 
the PI or cartographer. : 
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FIGURE 18. EXAMPLE OF TERRAIN COVERED IN MISSION 1021 


The following photograph is a typical example of a port city located 
in the Western Hemisphere in the southern latitudes. Of particular inter- 
est is the loss of detail due to poor resolution. This may be-due to 
atmospheric conditions cr to over-exposure and over-development. Note also 
that the altitude is higher than usual, thus the scale of the photography 
is smaller. 
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FIGURE 19. EXAMPLE OF TERRAIN COVERED IN MISSION 1021 


4 The following photograph illustrates a low contrast target difficult 
to expose or process properly, due to high reflectivity and the lack of 
well-defined detail in the sand. The high solar elevation again precludes 

S| shadow detail. 
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FIGURE 20. EXAMPLE OF TERRAIN COVERED IN MISSION 1021 


The following photograph is an example of glacier patterns in snow- 
eovered mountains. High contrast and good resolution result from the 
Sr.w atid atmospher:c conditions. 
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FIGURE £i. EXAMPLE OF TERRAIN COVERED IN MISSION 1021 
Note the difference in texture density and contrast on this photo- 


graph of mountains and plains. The density range of the negative caused 
a loss of detail in both the highlight and shadow areas. 
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FIGURE 22. EXAMPLE OF TERRAIN COVERED IN MISSION 1021 


' The following photograph .s an example of a highly populated city 
it. the Western Hem-srtere. This is typical of the quality found in this 
mission. Shadow detail due to solar angles and atmospheric conditions 
appear close to optimum. 


NPIC K-8843 (12/68) 


- 16m - 
aeediiedep 
Lalit 
~FOP-SECRET-ROFF- Contre! System Only 
pooh aOR Rpt ppm 


Jalen 
Control System Only 


ww lis 


Comera e ° . e » e * * . e® . * 


Peee: <6 ak Ain We Sis See fee Set mi 


WreniGe. te> kc ts: .3e sel ce, Sen Pa ee 
Date of Photography. ..... 


Universal Grid Coordinates... 


Enlergement Factor ...... 
Geographic Coordinates ; 
Altitude (feet)... .. 2.6. 
Camera: 

Peco a. WS" we. de Be eS 
FOL oc a We cet at. ee a Ear Se 


NOW is <i ee fe tat VS a eh war -e, UR  as Cae ee 


Local Sun Time 

Solar Elevation. ...., : 
Soar AZLMUtns 4. te wel ae Wwe ee 
Exposure (fractions of second) 
Processirg Level . . «4 « «© «© « 
Veno Cle mei mucis « 6-4 hs 


Approaimate flight direction 
on photogr apn 





- 16n - 


TOP-SECRET RUFF aw 





e JOT 


143D 


. L? fwd 
. 27 May 65 


32.5 - 12.0 


3X 
. 38-48N 120-53W 


672,267 


15°29" 


; 0°07" 
. Not Determined 


803 
36°36" 
90° 


. 1/251 


Full 
163°10' 


Approximate scan direction 
on photograph 


Shp te~ 
datent-teHitte 
Control System Only 








Control System Only 





Control System Only 





« 


~Hentte Ts 





mahalo EMHOtE 
Control System Only —NO-POREOTNEOISSEM™ 


FIGURE 23. EXAMPLE OF TERRAIN COVERED IN MISSION 1021 


This photograph shows a small community surrounded by farming areas. 
The subtle gradations in tone between the different cultivated fields are 
indicative of the tonal range of this systen. 
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FIGURE 24. EXAMPLE OF TERRAIN COVERED IN MISSION 10el 


The following photograph is an illustration of swamp and marsh areas 
covered by this mission. High contrast between the water and land greatly 
assist the cartographer in interpreting terrain features. However, occas- 
ional specular reflections from the water may obliterate imagery. 
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FIGURE 22. OXAMPLE OF. TERRAIN COVERED IN $ISSION 1021 


Note the crater-like configurations caused by volcanic eruptions. 
This photograph illustrates that low and high contrast areas can occur 
within a very few miles of each other. The difficulty of exposing 
and processing correctly for such areas is apparent. 
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APPENDIX 8. DENSITY READINGS 


1. Density Readings from Stellar Material 


The following is a compilation of the density values 
recorded from the stellar negatives. A Macbeth Quantalog 
Densitometer, Model EP 1000, with an ET 20 attachment and 
an 0.50 millimeter aperture was used in taking the values 
listed. 
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2. Index Material 

ize density and contrast of the index negatives from 
missions 1021-1 and 1021-2 ere good. They compare favorably 
with the density and contrast of material from previous 
missions. There have been indications that recipients of 
this report do not require tabulated values of the densities 
of index negatives. If there is a requirement for this 
information tne values will be furnished by the National 
Photographic Interpretation Center upon request. 
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APPENDIX C. MICRODENSITOMETRY 


i. Edge Spread Function 


The technique of obtaining the spread function from microdensito- 
meter edge traces is used as an objective measure of the image qualitj 
in mission photography. The spread function curve represents a summation 
of the separate elements of the photographic system. By taking the 
Fourier Transform of the spread function the modulation transfer function 
of the system may be obtained. 


To satisfy the desire to express image quality in terms of a 
value, a single number is determined from the spread function curve by 
measuring its width at 50 percent amplitude. This width is expressed as a 
micron distance in image space and may be converted to a distance on the 
ground. On domestic passes, where 3-bar resolution targets have been 
available, the ground distance determined from edge trace analysis and 
from the targets has been found to be comparable. 


The microdensitometric analysis of edges in the image requires that 
the object edge fulfill the conditions of a unit step function, i-e., 
exist for an appreciable distance at a fixed brightness level and 
change abruptly to a new level which exists for an appreciable distance. 
This requirement is usually achieved by rooftops of buildings in 
large-scale photography and aircraft runwavs or taxiways in 
small-scale photography. 


The mission is examined to determine the MIP (Mission Information 
Fotential) frame, which is a subjective selection of the best 
photography. Straight edges in this imagery meeting the criteria of a 
step function for a length of at least 120 microns are selected for 
scanning with the microdensitometer. 


The microdensitometer used for the traces in this report is 
located at the SPPL facility. The location of the traces was decided 
ry representatives from NPIC at SPPL. The instrument is the Mann-Data 
Micro-Analyzer used with an effective slit of 1 micron by 80 microns. 
A&A sean speed of 0.05 mm/minute and a chart speed of 4 inches/minute 
was used fcr a recording-to-specimen expansion of 2032:1. One inch 
cr. tne recording equals 12.5 microns on the specimen. The traces 
produced represent a plot of deflection versus distance. The deflection 
oD tne per. is essentially linear with density and the horizontal lines 
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on the chart numbered 1 to 7 equal 0 to 3.0 density. At the same 

time the traces were made, the electronic output signals from the 
instrument were digitized as density values and recorded on paper tape 
for direct analysis by an IBM 1710 computer. 


In the following table these computer outputs are listed for 
each edge traced: The 50 percent amplitude width of the Line Spread 
Function in microns, the reciprocal of the 50 percent width in 
millimeters, the computer determined reciprocal edge spread (Machine 
RES), and the intersection point of the modulation transfer curve 
and the aerial image modulation curve. The procedure used in the 
derivation of these values is described in the SPPL Technical Report 
No. 101-31 (page 79-82). ‘The edge orientation angle is determined 
in the microdensitometer and is O degrees when the edge is parallel 
to the major axis of the film and 90 degrees when the edge is 
perpendicular to the major axis of the film. 


The edge traces were made on the original negative of this 
mission. The imagery traced is contained in the frames considered 
to be typical of the best in the mission. 
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FIGURE 2€. LOCATION OF EDGE TRACES 1-6, MISSION 1021-1 


These traces were made on the MIP frame of Mission 1021-1 


NPIC €-5449 (12/65) 


Camera . . 166 
Pass . . 30D 
Frame. . 12 aft 
Date of Photography. . 20 May 65 
Universal Grid Courdinates po HOT ee 7 
Enlargement Factor . . 20X 
Geographic Coordinates . 33-088 064-32W 
Altitude (feet). y TT Ls 10 
Camera: 
Piteh . . 14°50! 
Roll. 2 Or 1u 
Yew . sso et oh » =0°59' 
Local Sur Time . . 1104 
Solar Slevation. . 3495" 
Solrr- Azcmuthy «4% : iy 
Exposure (fractions of second) . 1/304 
Processing Level . « Pull 
Vehicle Azimuth. . 164°%9! 


7 “4 ck Approxinate flight direction 


On photograpn 


Approximate scan direction 
on photograph 


Approx: mate loc at: on of photograph in n format. Negative viewed with emuision side down. 
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~'-BIGURE 27. LOCATION OF EDGE TRACES 7-12, MISSION 1021-2 


These traces were made on the MIP frame of Mission 
1021-2. 


NPIC K-8886 (12/65) 


CAMEYFE: 5.4.4 Rw. KR tee a 8 ew ow LB 
PASS. ia we a ee oe, Rw DD 


Frame: 4304-8 .865% 6 se 6 4 e)~ 2b pee 
Date of Photography. ..... . +» 27 May 65 
Universal Grid Coordinates... . 36.4 - 12.1 


Fnlargement Factor . . . +... +. e 20x 
Geographic Coordinates .... . . 39-l16N 121-O4W 
Altitude (feet)... 1... + +» 672,673 
Camera: Pitch... . 2. « « «© « « 15930' 

ROL]: ws e.d: Sos A te Se So ww SOR ITL" 

Yaw « « «© « « « «© » « « Not determined 
Local Sun Time ......... - 803 
Solar Elevation .... +... + 36926' 
Solar Azimuth ..... +... .« + 92 
Exposure (fractions of second) . . 1/250 
Processing Level ........ . Full 
Vehicle Azimuth ........ . 163°01' 


7 Approximate flight direction Approximate scan ditection 
Pee on photograph on photo graph 


Approximate location of photograph in format. Negative viewed with emulsion side down. 
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Mission Numbers 102142 
Density Calibration; 1—7 =0—3.0D 
Line Spread Function width 
at 50% amplitude: 13.3 
Reciprocal of LSF width 


Pass Number: 1430 
at 50% amplitude: 75 
Edge Orientation: 10.9° 


Frame Number: 14 Fwd 





Trace Numbers 11 
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APPENDIX D. CLOUD COVER ANALYSIS 


1. Introduction 


This study represents a statistical analysis of the cloud cover on 
the photography of Mission 1021. The basis of this study is the cloud 
cover data for each quarter segment of every individual frame of photo- 
graphy. The data is obtained by analysts specifically trained in esti- 
mating cloud cover by designated categories. 


Five cloud categories have been formulated for use in this photo- 
graphy (Reference, Table 1). These categories allow for the wide lati- 
tude of cloud cover conditions commonly found on a frame of this 
photography. Note in Table 1 that a mean cloud percentage value has 
been calculated for each category for use in determining a combined cloud 
cover percentage for all operational passes of the mission. 


The occurrence of each cloud category within an operational pass is 
expressed as a percentage of 100 and appears in Table 2. Each percentage 
is a ratio of the number of occurrences of a given cloud cover category 
to the total number of cloud observations in a photo pass. For example: 
if the number of catezory 1 occurrences in @ given pass is 200 out of a 
total of 1,000 (250 frames x 4 quarters), all categories combined, then 
20 percent of the vass would be classed as category 1. 


Also a cloud cover percentage per pass is included in the last 
column of Table 2 under "Cloud Cover % Per Pass". This value is deter- 
mined by the summation of the products of category percentage in each 
pass and the mean cloud percentage for that category as established in 
Table 1. For example: if it is determined that the following percen- 
tages exist in 4a given pass: 


20% Categcry 1 
15% Category 2 
30% Category 3 
25% Category 4 
10% Category 5 


Then, by using the mean cloud percentage established in Table 1 the 
following computations are made: 


0.20 x 5.0 = 1.00% 
0.15 x 17.5 = 2.63% 
0.30 x 38.0 = 11.40% 
0.25 x 75.0 = 18.75% 
0.10 x 100.0 = 10. 
3.7 


Hence, 43.8 percent of this pass is cloud covered. 
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TABLE 1 
CLOUD COVER CATEGORIES 


CATEGORY PERCENT OF DESCRIPTION MEAN CLOUD 
NUMBER CLOUD COVER PERCENTAGE 





1 Less than 10% Clear 5% 
2 10% - 25% Small Scattered 
Clouds 17.5% 
3 26% - 50% Large Scattered 
Clouds 38% 
mn 51% - 9% Broken or Con- 
nected Clouds 15% 
5 100% Complete Over- 
cast 100% 
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2. Mission Coveraze Tracks Mission 1021 


The Mission Coverage Tracks that are included in this report 
covered tarzets of intelligence value. The remaining tracks are 
act included cecause trey did not cover targets of inteliisgence 
‘alue and are 1iot a.aisable at tnis time. 
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APPROXIMATE TRACK OF MISSION 1021-3, 18-23 MAY 1965 OVER AFRICA. 
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APPROXIMATE TRACK OF MISSION 1021-2, 24-28 MAY 1965 OVER AFRICA 
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